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Determination of Additives in Cigarettes Utilizing Evolved
Gas Analysis (EGA)
Karissa Ferguson, Michael J. Samide, Cierra Schmicker, Tyler Schenk, Anne M. Wilson*
Clowes Department of Chemistry, Butler University, Indianapolis, USA

Abstract While additives to consumer products must be listed in order by amount, it is not required to report the actual
amounts of these additives. Given that impacts on human health are dose dependent, knowledge of additive amounts would
aid discussions of the safety of these compounds for inhalation. Additives for cigarettes include flavors, such as menthol, and
propylene glycol, a humectant. Rapid determination of the amounts of menthol and propylene glycol additives in cigarettes
was accomplished utilizing evolved gas analysis (EGA) – gas chromatography (GC) – flame ionization detection (FID).
Careful preparation of samples and appropriate sample storage are critical components to this study. Menthol amounts in
cigarettes were consistent with previous studies and this represents the first report of propylene glycol amounts.
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1. Introduction
With the publication of Celebuki’s study in 2005 [1], it
seemed that the amount of menthol in mentholated cigarettes
was confirmed. These experimentally determined amounts
were consistent with industry documents [2]. Interest in
mentholated cigarettes has continued amid questions such as
whether or not mentholated cigarettes are more addicting,
promoted to minority groups and children, and that the
menthol itself may provide an additional health risk [3-10].
In 2015, another study reported slightly higher amounts of
menthol in mentholated cigarettes, and that menthol was
found in measurable amounts in non-mentholated cigarettes
[11]. An additional sampling technique has been reported
that showed large amounts of menthol in Southeastern Asian
cigarettes, even though they were not marketed as containing
menthol [12]. Understanding menthol levels in cigarettes
remain an important factor related to public health.
Propylene glycol is added to tobacco as a humectant
[2, 11]. Propylene glycol is also used as a major ingredient in
electronic cigarettes [20], as a solvent for flavoring
compounds in food products [21], and as a solvent for
pharmaceuticals which may lower the toxicity threshold of
the drug [22]. The FDA has classified propylene glycol as a
food additive that is “generally recognized as safe” [23].
However, the European Union has set limits on the amount
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of propylene glycol allowed in food products [24]. For
inhaled propylene glycol, there are conflicting studies that
show low toxicology of propylene glycol in cigarettes [25]
and toxicology concerns about electronic cigarettes [26].
Given the controversy around propylene glycol as an
additive to ingested and inhaled products, determination of
the amount of propylene glycol in common products would
be useful.
Given the continued interest in menthol levels in cigarettes
and a growing interest in propylene glycol amounts, a rapid
method for quantitatively determining amounts of volatile
additives would be useful. Analysis of flavor and odor
compounds in products is well documented. Methods of
extraction of volatile organic compounds (VOCs) are well
known and have been described at length in the literature
[13-15]. These methods can be broadly categorized as (a)
solvent extraction and/or distillation [13-15, 18], (b)
headspace sampling [16-18], (c) thermal desorption and
trapping [16-18], (d) solid-phase microextraction [16-18]
and (e) evolved gas analysis [19]. The methods above, with
the exception of (e), all utilize organic solvents [1, 11, 12-18].
Methods (a) through (d) can be time consuming and require
large sample size (grams). Method (e) has been shown as a
rapid method for accelerated emission and subsequent
quantitative analysis of VOCs in milligram quantities of
solid samples without any need for extraction [19].
The current work describes the quantitative analysis
of menthol and propylene glycol additives emitted from
8-13 mg of cigarette material using evolved-gas analysis,
gas chromatography, flame ionization detection
(EGA-GC-FID).
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2. Methods
2.1. Samples
Cigarette samples were obtained from a local convenience
store and include Newport 100s, Kool 100s, and Marlboro
Menthol 100s, Marlboro 100s (red), and Marlboro Special
Blend (gold). All packages were stored at 4°C inside two
nested zip top bags. Prior to analysis, samples were allowed
to warm to room temperature, 22°C.
Menthol, propylene glycol, and nicotine were purchased
from Aldrich Chemical Company and used without further
purification. Menthol and propylene glycol were utilized as
quantitation standards in acetone, and nicotine was utilized
as a comparative standard. Acetone (HPLC grade) was
purchased from Aldrich Chemical Company.
2.2. Experimental Equipment
Analysis of VOCs from solid samples was performed
using an EGA oven similar to that reported in the literature
[19, 27]. Herein, an oven for evolved-gas analysis was built
in house using Swagelok fittings and steel and PEEK tubing.
Sample introduction occurs through the top opening of a
Swagelok tee. The sample (typically 5 to 20 mg) is contained
in a cup (Frontier Laboratories, PY1-EC80F) and suspended
from a 150 mm long wire hook formed from a 0.020” steel
wire. The seal on the top fitting of the tee is made using a 9
mm green rubber septum and a ¼” Swagelok nut. Helium
carrier gas from the gas chromatograph is introduced to the
oven in the side port of the Swagelok tee, using a reducing
union and connector tubing. The body of the EGA oven is
constructed using a ¼” O.D. and 5/32” I.D. steel tube and is
attached to the tee using an appropriate reducing union. A
second reducing union is used to connect the heating tube to
the injection needle (22 gauge, Hamilton 7780-04). The oven
is operated at 180°C ( ± 2°C) and heating is accomplished

using a heating mantle jacket connected to a Variac.
The sample was introduced into the oven for 60 or 120
seconds and VOCs emitted at the elevated temperature were
concentrated on the front end of the cool (40°C) column.
This introduced the volatile organic compounds present in
the sample to the GC column as a tight band. As the volatile
compounds of interest have reasonably high boiling points
(menthol: 212°C, propylene glycol: 188°C, nicotine: 247°C),
these are effectively trapped onto our column held at 40°C
without the need of cryotrapping.
All chromatograms were obtained using an EC-Wax
column (Alltech, 30 m × 0.25 mm × 0.25 µm) installed in an
Agilent 6890 GC equipped with an FID operating with a
constant He carrier gas flow rate of 1.1 mL min-1. The oven
temperature program was 40°C for 2 min; an 8°C min-1 ramp
to 150°C; a 15°C min-1 ramp to 200°C with an isothermal
hold for 15 min.
2.3. Procedures
Prior to analysis, tobacco leaves were pulled from a
cigarette, cooled under liquid nitrogen, and ground to a fine
powder with a mortar and pestle, and stored as a powder in a
sealed container. In triplicate, the ground tobacco samples
(6-13 mg) were added to the sample cup and were heated at
180°C for 60 or 120 seconds. Analysis of the VOCs by
GC/FID followed. Strands of the filter material from one of
the cigarettes (Kool 100s) were placed directly into the
sample cup and analyzed in a similar fashion.
2.3.1. Calibration Procedure
A standard stock solution was prepared by dilution of a
known mass of menthol or propylene glycol with acetone to
a volume of 100 mL. This stock solution was further diluted
to prepare several calibration standards.

Figure 1. Sample Chromatogram of a Mentholated Cigarette
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2.3.2. Multi-Injection Procedure

propylene glycol from the cigarettes (Figure 3).

An acetone solution with a known amount of menthol was
added to unmentholated cigarette tobacco (Marlboro 100s)
and shaken in a sealed container for 10 minutes. This tobacco
was then treated as above (leaves were sampled, cooled
under liquid nitrogen, and ground to a fine powder). A spike
recovery of 81% was obtained for menthol.

3. Results
Figure 1 depicts a chromatogram showing the separation
of three major VOCs emitted from mentholated tobacco
leaves: propylene glycol (16.8 min), menthol (17.2 min), and
nicotine (19.9 min). For the three brands of mentholated
cigarette studied, the amounts of menthol ranged from 3.0 to
4.5 mg menthol per g tobacco (Table 1). This amount is
significantly higher than previously reported [1, 2].
Furthermore, the amount of menthol in the filter was nearly
double that found in the tobacco. This is consistent with the
practice that menthol is often added to the filter material as
opposed to the tobacco leaves [11]. As controls, two
additional cigarette sub-brands (Marboro 100s red and gold)
showed trace amounts of menthol.
Table 1. Amounts of Menthol and Propylene Glycol Quantified by EGA
Menthol
(mg/g
tobacco)*

Literature
Value [1]

Propylene
Glycol (mg/g
tobacco)**

Newport 100s

3.0 +/- 0.4

2.44 +/- 0.4

7.3 +/- 1.0

Kool 100s

4.4 +/- 0.4

3.56 +/- 0.4

8.9 +/- 0.2

Marlboro Menthol 100s

3.8 +/- 0.3

2.64***

10.2 +/- 0.4

Kool 100s filter

8.9 +/- 0.1

-

6.8 +/- 0.8

Marlboro 100s, red

Trace

-

8.1 +/- 0.4

Marlboro, gold

Trace

-

9.2 +/- 0.2

* 60 sec injection. ** 120 sec injection. *** No standard deviation given.

Multiple injections of a single sample were performed in
order to determine if all of the menthol was evolved from the
sample during the 60 second EGA injection. The
multi-injection curve for a 60 second EGA is shown for
menthol below (Figure 2). As shown by the data, more than
98% of the menthol is evolved from the solid sample during
the first injection. As such, results from the 60 second EGA
analysis for menthol can be considered quantitative.
Propylene glycol is not as volatile as menthol. A 120
second injection is required to liberate the majority of the

Amount of Menthol (mg/ g
tobacco)

2.3.3. Method Validation

3.0
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2.0
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Figure 2.

Amount of Propylene Glycol,
mg/g tobacco

For multi-injection studies, the same sample, prepared as
above, was inserted and removed as described. After the
initial injection had eluted from the column, second, through
fourth injections were performed on the same sample.
Individual chromatograms were recorded for each injection.
Both 60 second and 120 second injections were performed
on mentholated cigarette samples.

Brand
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Multi-Injection of Mentholated Cigarette, Menthol (60 seconds)
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Figure 3. Multi-Injection of Mentholated Cigarette, Propylene Glycol
(120 seconds)

4. Discussion
By our method, menthol amounts in our sample cigarettes
were above reported amounts (see Table 1). We found that
menthol amounts in our sample significantly decreased over
time if not kept in a sealed container. This suggests that
careful sample preparation and storage are vital to
quantitation of flavoring agents in cigarettes and that a rapid
method of analysis is optimal.
Menthol amounts were considerably higher in the filter. It
is common practice for menthol to be introduced to
mentholated cigarettes via the filter [11]. Previous literature
reports utilized the entire cigarette (filter, paper, and tobacco)
for their testing. Given that our tobacco samples were also
higher than the literature values, it is likely that previous
researchers lost some menthol in sample preparation. It is our
recommendation that steps be taken to reduce menthol loss
(sealed containers, care not to heat the sample, etc.). It is also
possible that the amount of menthol added to mentholated
cigarettes has increased since 2005.
To our knowledge, this is the first report of quantitation of
propylene glycol in cigarettes. As propylene glycol is found
in a wide variety of food products, the EGA-GC-FID method
represents a way to obtain quantitative information about
propylene glycol using very small amounts of sample
without needing to perform an extraction. As the European
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Union has placed limits on the amount of propylene glycol in
food items, this may prove to be a useful tool in this arena.
[2]
The increased usage of propylene glycol by the electronic
cigarette industry [12, 20, 26] highlights the importance of a
rapid method for the determination the amount of propylene
glycol in small samples. Quantitation is especially important [3]
given the conflicting information about toxicity of inhaled
propylene glycol [25, 26, 28].
While nicotine was observed in our tobacco samples,
quantitation has not yet been realized due to what we believe [4]
is a diffusion issue. After an initial release, the remaining
naturally occurring nicotine diffuses through cell walls
slower than the injection time for the EGA method. The
fourth injection of a four-injection study showed significant
amounts of nicotine still present in the cigarette material. [5]
Sample preparation and fine grinding (in a cryomill) may
improve quantitation of nicotine by reducing particle size so
that diffusion is no longer a limiting factor.
Utilizing our EGA method, we were able to perform a [6]
rapid analysis of additive VOCs in cigarettes with small
amount of sample, 10 mg or less. With this method, we
obtain quantitative data for menthol and propylene glycol. [7]
The data collected indicate that significantly more menthol is
present in our samples than had been previously reported in
the literature. This may be due to our very rapid method, [8]
which may lead to less VOC loss. Furthermore, we have
provided the first quantitation of propylene glycol in tobacco,
with an average of about 9 mg of propylene glycol per gram
[9]
of tobacco.

5. Conclusions
Utilizing our EGA method, we were able to perform a
rapid analysis of additives in cigarettes with small amount of
sample, 6-13 mg, without the need for extraction with
organic solvents. With this method, we obtain quantitative
data for menthol and propylene glycol. Knowledge of the
amount of menthol and propylene glycol in ingested and
inhaled items will allow for recommendations to be made
based on the amount of exposure, not just the presence or
absence of these compounds from common items.
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